Coeliac Disease (CD) is a permanent gluten intolerance, whose pathogenesis involves multiple factors including genetics and environment. CD has different representations and non-specific symptoms such as diarrhea, bloating, pain, flatulence and constipation may sometimes be misleading. Once diagnosed of CD, patients must adhere to Gluten Free Diet, which consists in the lifelong avoidance of gluten containing foods and of those naturally gluten free but at risk of contamination. This dietary approach is considered the only therapy in order to avoid symptoms exacerbation and to reduce the digestive mucosa inflammation, which has been related to higher risks of lymphoproliferative malignancy and other immunological disorders. However, being on a Gluten Free Diet is not as resolving as it may seem since it has several criticalities. First of all, excluding gluten means limiting food variety so that coeliac patients may have unbalanced intake of several nutrients and develop clinical or subclinical deficiencies. This can be due to scarce attention to qualitative and quantitative composition of diets and poor information about gluten-containing foods, which only patient-tailored dietetic protocol and long-term follow-up can achieve. Secondly, Gluten Free Diet may not result in complete remission of mucosal damage or in resolution of symptoms. Unintentional contamination of gluten or poor adherence to diet are the main culprits of the incomplete mucosal healing but other triggers may be involved. Recent research has focused on the role of FODMAPs in changing gut microbiota and on the improvement of Irritable Bowel Syndrome (IBS) symptoms after their dietary avoidance or reduction. Since CD and IBS may share many clinical presentations, further studies are needed to evaluate if a subgroup of CD patients whose symptoms are not improved by Gluten Free Diet could benefit from a new therapeutic approach consisting in both gluten/wheat and FODMAPs avoidance.
Introduction
Coeliac Disease (CD) is a permanent gluten intolerance, related to an abnormal immune response against the two main gluten proteins: glutenin and gliadin. It is a multifactorial condition, since genetics and environmental factors are both involved. Typical symptoms are consequential to intestinal functional impairment and malabsorption: diarrhoea, height and weight growth failure (stunting and wasting), vomiting, unexpected weight loss, dermatitis herpetiformis, asthenia... but others are consequences of abnormal immune activation.
CD has also a different representation, characterized by atypical and non-specific symptoms. For instance, bloating, abdominal pain, flatulence, fatigue, anaemia, infertility or repeated miscarriages are common. More severe conditions are neurological pathologies, altered liver function, mouth ulcers, depression, osteoporosis [1] . According to World Gastroenterology Organisation, CD prevalence in Western countries is around 1%, affecting females and male with a ratio from 1:3 to 1:5 [2] , but the heterogeneity of symptoms suggests that many cases are not diagnosed. CD represents a real healthcare challenge; although since progress in technology and in scientific research, the only therapy still known is the Gluten Free Diet, which consists in the complete avoidance of gluten containing foods and of those naturally gluten free but at risk of contamination by the formers. The pathophysiological rationale to Gluten Free Diet is that, since CD is an impaired systemic immune response triggered and maintained by gluten, a complete dietary elimination of this protein leads to resolution or improvement of the chronic inflammation of intestinal mucosae. More recently, the research has focused also on the importance of gut microbiota impairment in CD, for its essential role in the development, modulation and function of the host's defense immunity [3] . As we previously reviewed by analyzing the key role of microbiota in the etiopathogenesis of Inflammatory Bowel Disease (IBD) [4] , dysbiosis can be responsible for symptoms of conditions like Crohn Disease and Ulcerative Colitis. Since microbiota composition is regulated by multiple factors such as diet, immune system, genetics, intestinal permeability, it has been hypothesized that gluten could also change gut flora and its interactions with immune systems and environment. This perspective must be considered when following a Gluten Free Diet, since-as De Palma and colleagues [5] revealed-it remarkably changes gut microbiota composition.
Lifelong adherence to Gluten Free Diet is considered the only therapy in order to avoid symptoms exacerbation and reduce the digestive mucosa insult, which has been related to higher risks of lymphoproliferative malignancy and other immunological disorders [6] [7] .
However, according to available literature, being on a Gluten Free Diet is not the magic bullet of CD patients. First of all, excluding gluten means limiting food variety so that coeliac patients may have unbalanced intake of several nutrients and develop clinical or subclinical deficiencies [8] . This is mainly due to the common belief that giving to patients a list of food to avoid is enough in treating CD. On the contrary, attention must be given both to qualitative and quantitative composition of diets and general information about gluten-containing food is just a part of a patient-tailored dietetic protocol and of a long-term follow-up [9] [10] . Another level of criticality of the Gluten Free Diet is the not complete remission of mucosal damage since many authors showed the persistence of a low-grade inflammation [11] and villous atrophy [12] [13] . Unintentional contamination of gluten [14] or poor adherence to diet [15] [16] are the main culprits of the incomplete mucosal healing but other triggers may be involved.
Gluten Free Diet and Nutritional Adequacy
Speaking of Gluten Free products, every country has its own laws but generally foods and drinks can be considered Gluten Free if they contain up to 20 ppm gluten (20 mg/kg) [17] . Table 1 lists both foods which naturally does not contain gluten and those representing the Gluten Free "counterparts" of traditional gluten containing products.
One of the eldest data about nutritional adequacy of Gluten Free Diet appeared in 1995, when Kemppainen and colleagues analyzed serum concentrations of haemoglobin, ferritin, iron, vitamin B 12 and erythrocyte folate in coeliac patients, showing that these biochemical parameters were below the reference values despite adherence to diet [18] . More recently, Öhlund et al. compared the Nordic Nutrition Recommendations 2004 (NNR-04) and the dietary intake of thirty children and adolescents who entered the Department of Pediatrics, Umeå University Hospital. Analysing their 5-day food records, authors showed that more than a half (13 of 25) children diets did not meet the recommended intakes of energy, dietary fibre, vitamin D, riboflavin, thiamine, magnesium and selenium. On the contrary, Gluten Free Diet of the sample exceeded in su- 19 -30 whose 3-day food diary showed that almost one third of the sample did not meet the recommended energy intake [20] . Although intakes of carbohydrate and protein (as % of energy) seemed to be adequate, higher intakes of fat and sucrose and lower intake of fibre were recorded. The intake of thiamine, vitamin C, iron, calcium and potassium were under the recommended amounts, with only 6 women consuming the Mass, a significant increase in triglycerides, total cholesterol and HDL-C serum levels.
Moreover, the closer patients adhered to Gluten Free Diet, the higher their risk of overweight or obesity was [23] . Van Hees and colleagues found that Gluten Free Diet leads to a lower dietary intake of vegetable proteins, meaning that serum concentrations of Tryptophan, Tyrosine and Phenilalanine (LNAA) of the CD sample were significantly lower than the control group taken in exam [24] . The mentioned study focused on the three LNAA intake and their possible influence on depression disease onset but indirectly confirmed the idea that Gluten Free Diet is somehow incomplete, nutritionally speaking.
Gluten Free Diet: Between Industrial or Naturally Gluten Free Foods
The already mentioned study by Abenavoli, analysing the effects of Gluten Free Diets on weight and body fat mass, concluded that the higher risk of overweight and obesity in CD population is probably due to the excessive consumption of commercial Gluten ing a great discrepancy in selenium content between products from popular gluten-free cereals (corn, rice, buckwheat), and those from less popular gluten-free crops (oat, amaranth, teff, and quinoa). The study [29] revealed that relatively new gluten-free flours from oat, quinoa and teff may provide about 2 -9 times more selenium than traditionally consumed gluten-free flours. Moreover, Journal of Food and Nutrition Research published additional data, which confirm the promising application of quinoa in increasing nutritional quality of GF products. In more detail [30] , by mixing quinoa and rice, it is possible to produce breakfast cereals with a protein and fibre profile better than corn by-products, with a lower amount of fatty acids. Another value of quinoa and rice products is the amino acidic profile, which is comparable to the reference protein by FAO/OMS for all essential amino acids. As we already mentioned, these symptoms are common in CD but also in Irritable Bowel Syndrome (IBS), which still remain an uncertain pathological entity. Moreover, some patients with IBS have coeliac disease-like symptoms and conversely CD patients may experience IBS symptoms. Furthermore, about 5% of IBS patients are then diagnosed as affected by CD.
Coeliac Disease: When Gluten Free Diet Is Not Enough
Especially in patients with unresponsive CD, triggers other than gluten, wheat and related proteins are now seen as potential basis of these symptoms: FODMAPs are always more frequently pointed out. Possible mechanisms of FODMAPs related discomfort are still matter of study and have been reviewed by De Giorgio and colleagues [34] .
With special regard to IBS, patients who restrict foods with high FODMAPs content significantly improve symptoms, as underlined in the review by Dugum and colleagues [35] . Low FODMAPs diets consist of two phases: the former of complete avoidance of food high in FODMAPs and the latter of a step-by-step reintroduction of food on the basis of symptoms and individual tolerance. Strict avoidance usually lasts from six to eight weeks, during which a customized and sequential dietary counseling is needed in order to avoid detrimental restrictions which may lead to nutritional deficiencies. The authors agreed upon the resolution of gastrointestinal discomfort (up to 74% in one of the study taken in analysis) after at least 3 weeks of avoidance of FODMAPs. Similar results have been recorded by Maagaard et al. [36] , Laatikainen [37] , Iacovou [38] and Pérez y López [39] . One of the potential mechanism involved in symptoms exacerbation is the change in gut microbiota by diets rich in FODMAPs. Considering that bacteria produce short-chain fatty acids as a result of substrate fermentation, changes in fermentable substrates from diet is likely to cause a change in the bacterial profile [40] . In confirmation of this hypothesis, Staudacher stressed two keypoints in his work: 1) the resolution of symptoms after a four-week low FODMAPs diet and 2) modulation in Bifidobacteria concentration and proportion of gut microbiota [41] . The alteration in gut microbiota by modulating dietary FODMAPs have also been depicted by others studies [42] [43] .
Coexistence of CD and FODMAPs intolerance make the Gluten Free Diet ineffective since symptoms does not necessarily disappear with complete avoidance of gluten. Gluten Free products indeed are not always low FODMAPs since they may contain lactose, fructose, polyols and other dietary components ascribable to the FODMAP category. For example, almonds and other nuts, amaranth, flours from legumes, some fruits and vegetables, some sweeteners-despite of being suitable for CD-are listed as high FODMAPs [44] .
A Gluten Free Diet undoubtedly reduce FODMAPs load since it is based on rice, corn, potato flours, quinoa etc. which are low in FODMAPs, but it is matter of debate if the improvement of symptoms is due to the avoidance of gluten and wheat or both to the avoidance of fructans and gluten. While gluten content in food is widely known, except a few data and researches, a FODMAP database does not exist yet and packaged food rarely label FODMAPs amount. Monash University is one of the most active group of research on FODMAPs and regularly publishes new updates on FODMAPs in food products. Tables 2-6 list some of the most common staples of the Gluten Free Diet, differentiating low FODMAPs from products with high FODMAPs content. Limiting Gluten containing products undeniably reduces FODMAPs content in everyday day diet but does not completely eliminate those food components. As tables show, even nuts, pulses, sweeteners and other naturally Gluten Free foods can produce intestinal bloating and discomfort because of FODMAPs. As these fermentable food components are almost ubiquitous, low FODMAPs diets require further precaution and knowledge of food composition.
Conclusions
Coeliac Disease is a permanent gluten intolerance, whose manifestation may be extremely variable and whose only therapy is the complete and lifelong avoidance of glu- Coconut water (100 ml / <250 ml) HIGH Oat beverage HIGH ten containing foods. However, being on a Gluten Free Diet is not as simple as it seems as it entails limitation of a wide range of foods, limitations which must be considered for several reasons. Firstly, food choices can be at the basis of nutritional criticalities and disorders, deficiencies and excess of nutrients intake. Secondly but of no less importance, Gluten Free Diet has potentially psychological and social implications since it changes life and habits of patients and their social system. Nutritionally speaking, the more rational management is an in-depth nutritional evaluation and patient's education. Personalization, respect for patients' habits and attention to individual nutritional status is an essential part of an effective management of CD and everyone who has received a coeliac disease diagnosis should receive a personalized dietetic scheme, specifying quality and quantity of food to assume in order to prevent nutritional deficiencies and to not gain excessive body weight. A dietitian or nutritionist with experience in CD management should educate patients and pledge for a constant and long-term follow-up to test adherence to gluten free diet, reinforce compliance and clarify doubts and difficulties. An essential part of patients' education is focusing on the right food choices at home and when eating out, making them aware of the better nutritional profile of naturally-gluten free grains and their by-products. As data on food composition underline, gluten free alternatives developed by food industry are not always so healthy so that a good balance among natural products and more processed staples may help to maintain a good nutritional status and avoid an unbalanced diet. Also, Gluten Free Diet may not bring to resolution of symptoms or pledge mucosal healing. These conditions may be due to other factors like an unsolved dysbiosis or food triggers other than gluten. FODMAPs are nowadays matter of several studies, since their dietetic avoidance seems related to an improvement of bloating, abdominal pain, intestinal discomfort. Although Gluten Free Diet reduces lots of FODMAPs containing foods, it does not necessarily reduce the FODMAPs load and this can explain the symptoms persistence in a subgroup of patients. To a certain extent going gluten free is easier since a low FODMAP diet means watching out for a range of food groups, which is wider than simply avoiding by-products of wheat, rye, barley. Understanding if these food compounds make symptoms worse may pave the way for new therapeutic approaches (i.e. gluten/wheat-free and low FODMAPs) making dietary intervention of CD more effective.
Future research should address itself on new methods for CD evaluation (and, hopefully, for FODMAPs intolerance) and on its interrelation with other gastrointestinal disease given the shared inflammatory and/or autoimmune pathogenesis. The authors of this review underline the need of further research about microbiota and its modulation induced by diet and dietary limitations. Moreover, constant efforts should be made in order to gain constant information about cross-contamination in food industry and unintentional gluten exposure. Something should also be made in order to find the reasons why Gluten Free diets are not always totally effective on symptoms resolution.
